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: 
At the Radiation Effects Research Foundation, medical 
examinations have been conducted biennially since 1958 on 
a fixed population of approximately 20,000 individuals. 
Blood pressure measurements and electrocardiographic 
(ECG) recordings are available for 6,569 individuals 
who were monitored for at least 11 of the 13 2 year intervals 
between 1958 and 1984. Data from 601 individuals who had 
satisfied the Foundation’s ECG diagnostic criteria of left 
ventricular hypertrophy (“Kagan-Yano code”) on 
at least one occasion were reviewed. Both the develop- 
ment and the regression of ECG left ventricular hyper- 
trophy were ascertained in 61 subjects (17 men and 44 
women). 
During the course of development of ECG left ventric- 
ular hypertrophy, hypertension (including borderline 
cases) was noted in 83.3% of the subjects. The most common 
pattern of ECG left ventricular hypertrophy development 
was high voltage, followed by ST-T changes. In about half of 
these cases, the condition of hypertrophy regression was 
associated with lowering of blood pressure, marked by the 
disappearance of high voltage ECG readings. 
(J Am Co11 Cardiol1989;13:165-72) 
The relation between hypertension and the development of 
left ventricular hypertrophy has been studied extensively, 
and it is well known that hypertension is often accompanied 
by such hypertrophy (l-3). The epidemiologic Framingham 
Study (3) indicated that left ventricular hypertrophy accom- 
panied by electrocardiographic (ECG) high voltage and ST-T 
changes was observed in half of the subjects with a systolic 
blood pressure of 2180 mm Hg. It has also been reported 
(4,5) that development of hypertrophy, particularly in el- 
derly persons, is closely related to the presence of hyperten- 
sion, and that the frequency of hypertrophy is higher among 
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young patients or those with borderline hypertension than 
among individuals with normal blood pressure. 
Although ECG left ventricular hypertrophy has been 
reported more frequently among Japanese men living in 
Japan than among Japanese men living in Hawaii and Cali- 
fornia. elevated blood pressure was not correlated with the 
presence of left ventricular hypertrophy in the previous 
study (6) at the Radiation Effects Research Foundation. In 
that cross-sectional analysis of the relation between blood 
pressure and left ventricular hypertrophy, only a short 
period of time was considered. Previous reports have not 
dealt with the longitudinal relation between blood pressure 
and the development and regression of left ventricular hy- 
pertrophy. Several ECG studies (7-9) demonstrated that the 
regression of left ventricular hypertrophy correlated with 
successful control of hypertension, but the follow-up period 
was relatively short (I to 9 years). At the Foundation. 
medical examinations including blood pressure measure- 
ment and ECG recordings have been conducted biennially 
since 1958 on an initially fixed population of approximately 
20,000 individuals (IO). This population, therefore, is con- 
sidered appropriate for studying the relations between the 
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Figure 1. Study design. AHS = Adult Health Study; BP = blood 
pressure; ECG = electrocardiogram; F = female; LVH = left 
ventricular hypertrophy; M = male. 
longitudinal changes of blood pressure and the development 
and regression of left ventricular hypertrophy. 
Methods 
Study subjects. The subjects of this study were members 
of the initially fixed population of about 20,000 individuals 
who constituted the basis of the Adult Health Study of the 
Radiation Effects Research Foundation. Members of this 
group have been examined once every 2 years since 1958, 
and we will refer to the 2 year intervals between examina- 
tions as “cycles” (that is, cycle 1 = July 1958 to June 1960, 
cycle 2 = July 1960 to June 1962, up to cycle 13 = July 1982 
to June 1984). With the participation rate in the study 
varying from 75 to 85% and some natural decrease in the 
number of participants occurring during the 26 year period, 
both blood pressure and ECG data were available for only 
6,569 individuals (2,238 men and 4,331 women for 211 of the 
13 cycles between July 1958 and June 1984. We chose to 
study 601 individuals (254 men and 347 women) who on at 
least one occasion had met the diagnostic criteria for left 
ventricular hypertrophy based on the ECG criteria of the 
Foundation (Fig. 1) (6,ll). 
Blood pressure measurement and ECG recording. Blood 
pressure was determined by means of a mercury sphygmo- 
manometer while individuals were seated with their left arm 
at the level of the heart. The systolic and diastolic blood 
pressure were defined as the blood pressure at the point, of 
onset and cessation of Korotkoff s sound (that is, at Swan’s 
first and fifth points). A standard 12 lead ECG was recorded 
at a paper speed of 25 mm/s. 
Diagnostic criteria. World Health Organization criteria 
(1978) were used to classify hypertension as follows: normo- 
tension = systolic blood pressure 5140 and diastolic 590 
mm Hg; borderline = systolic blood pressure 141 to 159 or 
diastolic 91 to 94 mm Hg, or both; hypertension = systolic 
blood pressure 2160 or diastolic 295 mm Hg, or both. 
Left ventricular hypertrophy was defined solely on the 
basis of the ECG and was diagnosed in the presence of a high 
voltage QRS complex and ST-T wave abnormalities (mod- 
ified Minnesota codes: “Kagan-Yano code”) (6). In the 
Adult Health Study, ECG readings were performed in dou- 
ble determination by two physicians, at least one of whom 
was a cardiologist, during each “cycle,” who were both 
unaware of the clinical features of the participants. The ECG 
findings of 601 subjects who were finally selected for this 
study were reconfirmed by the primary investigator (N.A.). 
Subjects with valvular heart disease evident on physical 
examination and those exhibiting complete and incomplete 
left bundle branch block on the ECG were excluded from the 
study. 
Results 
During 26 years (13 cycles) of follow-up study, both the 
development and regression of left ventricular hypertrophy 
were observed in 61 (17 men and 44 women) of the 601 
individuals who satisfied the ECG criteria for left ventricu- 
lar hypertrophy on at least one occasion. The mean ages 
(?SEM) during development and regression, respectively, 
of ECG left ventricular hypertrophy were 57.0 + 1.3 and 
61.2 -t 1.3 years (58.4 + 3.0 and 63.7 2 2.5 years in men, 
56.4 2 1.5 and 60.2 -t 1.5 years in women). Blood pressure 
was unavailable during the development of left ventricular 
hypertrophy in one subject, who was excluded from subse- 
quent analyses. 
Development of ECG left ventricular bypertropby. In the 
60 subjects, the frequency of hypertension during the devel- 
opment of left ventricular hypertrophy (as shown by the 
presence of high voltage QRS complex and ST-T wave 
changes) was 65.0%. For the 16 men, the frequency was 
62.5%, and for the 44 women 65.9%. The frequency in- 
creased to 83.3% overall when borderline hypertension was 
included: 75.0% (12 of 16 patients) for men and 86.4% (38 of 
44 patients) for women. 
The following patterns of ECG left ventricular hypertro- 
phy development were observed in the 60 subjects: 1) high 
voltage followed by ST-T changes in 37 subjects; 2) ST-T 
changes followed by high voltage in 10 subjects; and 3) 
simultaneous high voltage and ST-T changes in 13 subjects. 
Thus, the most common pattern was high voltage followed 
by ST-T changes. The frequency of hypertension for these 
three different patterns of ECG left ventricular hypertrophy 
development was 67.6, 50.0 and 69.2%, respectively. These 
values increased to 91.9,60.0 and 76.9%, respectively, when 
borderline hypertension was included. 
Regression of ECG left ventricular hypertrophy. Regres- 
sion was studied in 72 individuals. These included 61 sub- 
jects who developed ECG left ventricular hypertrophy dur- 
ing the follow-up period and 11 subjects who already had 
hypertrophy at their first examination. In these 72 subjects, 
JACC Vol. 13, No. I ASHIZAWA ET AL. 167 
January 1989: 165-72 LONGITUDINAL STLDY OF LEFT VENTRICULAR HYPERTROPHY 
Table 1. Age and Blood Pressure During Regression of ECG Left Ventricular Hypertrophy 
in 72 Suljects 
ECG Reading 
No. of Age 
Cases 0.r) 
SBP 
(mm Hg) 
Iligh voltage 36 61.1 ? 1.6 li2.Y +- 3.2 X8.3 k 1.7 
ST-T changes ! 56.9 f 2.4 100.2 t 6. I 91.1 11.8 
Both high voltage and II 61.1 t 3.4 1X1.9 + 9.4 xx.0 2 4.7 
ST-T changes 
i‘otal 7? 60.3 ? 1.3 1r5.1 k 3.0 XY.1 i I.! 
Values are expressed as mean values + SE. DBP = diastolic blood pressure: ECG = electrocardiographic; SBP 
\ystolic blood pressure 
regression of ECG left ventricular hypertrophy was associ- 
ated with the disappearance of high voltage in 36 subjects, 
ST-T changes in 25 or both high voltage and ST-T changes in 
Il. 
It IZUS noted that regression of ST-T changes CTuhle I) 
wus chmracteri~etl (though not statistically significcrnt) hi 
the follo\ring: I) The age of subjects in the hypertrophy 
regression cycle was younger than that for voltage regres- 
sion (56.9 f 2.4 versus 62.1 t 1.6 years). 2) The systolic 
blood pressure observed in the course of hypertrophy re- 
Figure 2. Changes in blood pressure over the course of time: five 
consecutive cycles IR - 2 to R t 2), with regression CR) of left 
ventricular hypertrophy occurring at the midpoint of this IO yeat 
time period. Values are reported as mean + SE. 
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gression was higher than that during voltage regression 
(160.2 i 6.1 versus 152.9 t 3.2 mm Hg). 
Temporal c,hanges in hloodpressurc NYW crssessrd in,fivc 
consecutive es~rrnination c,ydes, and left ventricular hyper- 
trophy regression occurred midway (Fig. 2!. Blood pressure 
readings for five consecutive cycles were available in 45 
cases; they indicated that systolic and diastolic blood pres- 
sures declined during the course of hypertrophy regression. 
This tendency was observed in all types of ECG left ventric- 
ular hypertrophy regression. To investigate the individual 
relation between left ventricular hypertrophy regression and 
lowering of blood pressure, the following criterion for blood 
pressure index (BPI) was used: 
BPI = BP(R) - BP CR - 0 x looC’c, 
BP(R-I) 
where BP (R) = blood pressure in the cycle of hypertrophy 
regression and BP (R - I) = blood pressure in the cycle 
immediately before hypertrophy regression. Blood pressure 
index can be calculated for both the systolic and the diastolic 
blood pressure. If the index was ~-5%. ECG left ventricu- 
lar hypertrophy regression was considered to be significantly 
associated with lowering of either systolic or diastolic blood 
Table 2. Frequency of Lowering of Blood Pressure Index”’ in 
Association With Regression of Left Ventricular Hypertrophy in 
68 Subjects 
.A\,ociated With Lowering 
of BP+ 
No. of Systolic Diastolic 
Cases n (“il n (%) 
Men 11 I3 161.9) IO (47.6) 
Women 47 1? (46.8) IX (3X.3) 
Total 68: 35 (51.5) ?X (4l.Z) 
“BP1 = blood pressure index = ([BP(R) - BP(R - I)] + [BP(R ~ I)]) x 
lOO’X%. where BP (RI = blood pressure during regreshm of left ventricular 
hypertrophy: and BP (R ~ I) = blood pressure just before regression of left 
ventricular hypertrophy: iif the value3 are 5 -S (?;I: :1:4 (I man and 3 women) 
of the 7? subjects were excluded from this table because blood pressure 
readings for the 2 year cycle preceding left ventricular h) pertrophy regression 
were not available. 
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VOII. ST-T Wt.&ST-T 
Figure 3. Effects of decreased systolic blood pressure on the three 
types of electrocardiographic-left ventricular hypertrophy regres- 
sion. Numbers indicate percent. Volt. = voltage. 
Figure 4. Case 1. Regression of QRS high voltage. At age 43 years, 
high voltage (SV, t RV, = 47 mm) and ST depression in leads V, 
to V, had already been observed. At age 50 years, high voltage (SV, 
+ RV, = 45 mm) and ST depression in leads V, to V, were 
persistent. At age 52 years, high voltage disappeared (SV, t RV, = 
34 mm) although ST depression in leads V, to V, was persistent. BP 
= blood pressure; BW = body weight. 
pressure. Four (1 man and 3 women) of 72 individuals were 
excluded because blood pressure readings for the 2 year 
cycle preceding left ventricular hypertrophy regression were 
not available. It was observed that 51.5% of the instances of 
decreased systolic blood pressure and 41.2% of the instances 
of decreased diastolic blood pressure were associated with 
ECG left ventricular hypertrophy regression (Table 2). 
The association of decreased blood pressure and fre- 
quency of ECG left ventricular hypertrophy regression of 
varying types is as follows: 52.8% of subjects with lowered 
blood pressure exhibited high voltage regression, 56.5% 
exhibited regression of ST-T changes and 33.3% exhibited 
regression of high voltage and ST-T changes (Fig. 3). The 
relation between longitudinal changes in the ECG and blood 
pressure measurement are shown for three typical cases of 
high voltage regression (Fig. 4), ST-T changes (Fig. 5) and 
high voltage and ST-T changes combined (Fig. 6). 
To determine whether regression of ECG left ventricular 
hypertrophy was associated with lowering of bloodpressure, 
Wilcoxon’s rank sum test was performed (Table 3). As 
control subjects, 129 subjects in whom ECG left ventricular 
hypertrophy development was first diagnosed during either 
the 12th or the 13th cycle were used. Five subjects (three 
male and two female) were not age- and sex-matched when 
the difference in their ages at the time of the atomic bomb 
(August 1945) was 55 years. The changing rates of both 
systolic and diastolic blood pressure indexes, with the ex- 
ception of the diastolic blood pressure in men during the 
1 
v.?-.. P 
i 
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examination cycle just before the ECG left ventricular 
hypertrophy regression and during the cycle when regres- 
sion of hypertrophy occurred, were statistically significant 
when compared with the control group. 
Discussion 
Electrocardiographic identification of left ventricular hy- 
pertrophy. Several studies indicate that antihypertensive 
drug treatment has protective effects against the develop- 
ment of ECG left ventricular hypertrophy. Successful con- 
trol of hypertension may be associated with the regression of 
left ventricular hypertrophy (12). The Adult Health Study is 
designed to evaluate diagnostically a fixed population and is 
not therapeutically oriented. As a result, the long-term (26 
years) natural course of blood pressure and ECG readings is 
assessable. At present, echocardiography undoubtedly is the 
most sensitive and specific method for the identification of 
left ventricular hypertrophy; this has made it possible to 
visualize directly left ventricular wall thickness and chamber 
dimensions (2,13). A relatively weak correlation (r = 0.60) 
has been reported (14-16) between the ECG signs of left 
ventricular hypertrophy and angiographic or echocardio- 
graphic measurements of left ventricular mass. 
The ECG voltage criteria depend on the age, weight and 
distance of the left ventricle from the chest wall and, 
therefore, do not allow an accurate quantification of alter- 
ations in the left ventricular mass (1618). Various sets of 
-/I 
AtA2 
i -iT 
UD flylm 47.0 W40 42.4 nwm 44.0 
C.K.(Fomald 
Figure 5. Case 2. Regression of ST-T changes. At age 47 years, both 
high voltage (SV, + RV, = 44 mm) and ST depression in leads V, 
to V, (junctional in leads V, and V,, horizontal in leads V, and V,) 
were observed. At age 51 years, high voltage increased (SV, t RV, 
= 63 mm) and ST depression was present in leads V, to V,. At age 
53 years, ST-T changes almost disappeared, although high voltage 
was persistent (SV, t RV, = 52 mm). Abbreviations as in Figure 4. 
ECG left ventricular hypertrophy criteria, such as the classic 
Sokolow and Lyon criteria (19), the more elaborate point- 
scoring system of Romhilt and Estes (20) or that of Macfar- 
lane et al. (21), show poor sensitivity (20 to 65%) with an 
acceptable specificity (84 to 100%). Conversely, the present 
study may have underestimated the frequency of left ven- 
tricular hypertrophy. 
Role of age. Because this is a longitudinal study, the 
influence of aging on the ECG and blood pressure should be 
taken into consideration, Left ventricular wall thickness has 
been shown to increase with progressive aging, even when 
blood pressure remains in the normotensive range; however, 
age-dependent changes increase left ventricular wall thick- 
ness by only about 25% between the second and the seventh 
decade (22-24). In contrast to wall thickness, left ventricular 
diastolic diameter does not correlate with age; aging may 
primarily cause concentric left ventricular hypertrophy. 
Age and blood pressure. In cross-sectional studies (25- 
27), it has been observed that blood pressure increases at a 
fairly constant rate until the seventh decade in women, 
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Figure 6. Case 3. Regression of both high voltage and ST-T 
changes. At age 61 years, both high voltage (SV, t RV, = 51 mm) 
and ST-T changes in leads V, and V, appeared. At age 65 years, 
both high voltage (SV, t RV, = 31 mm) and ST-T changes 
disappeared. Abbreviations as in Figure 4. 
Table 3. Comparison of Changes in Blood Pressure Index in 63 
Patients With Regression of Left Ventricular Hypertrophy and 129 
Age- and Sex-Matched Control Subjects 
No. of 
Cases 
(II = 63) 
P Control 
Value (n = 129) 
Men (n = 18) 
Age at atomic bomb (yr) 
SBPI (%) 
DBPI (%) 
Women (n = 45) 
Age at atomic bomb (yr) 
SBPI (%) 
DBPI (%) 
Total (n = 63)* 
Age at atomic bomb (yr) 
SBPI (%) 
DBPI (%) 
32.7 + 2.5 
-3.5 * 4.0 
-4.7 ” 2.1 
31.6 * 1.5 
-3.2 2 1.6 
-3.2 + 1.5 
31.9 ? 1.3 
-3.3 * 1.6 
-3.7 ? 1.2 
32.1 + 2.5 
co.05 1.6 r 2.5 
NS 0.8 2 3.0 
31.4 it 1.6 
<0.05 3.0 + 2.6 
co.05 2.9 t 2.2 
31.6 + 1.3 
<O.OOl 2.6 t 2.0 
<O.OOl 2.3 + 1.8 
*Five subjects (three men and two women) were excluded from this table 
because they were not age- and sex-matched when the difference in their ages 
at the time of the atomic bomb (August 1945) was 55 years. Values are 
expressed as mean ? SE. Probability (p) values for comparison of subjects 
versus age- and gender-matched control subjects. Significance probability is 
calculated by Wilcoxon’s rank sum test. DBPI = diastolic blood pressure 
index: SBPI = systolic blood pressure index. 
whereas the rate of increase in men during adolescence is 
faster, but subsequently the increases are less than those in 
women. Diastolic blood pressure in both sexes increases 
more gradually with aging. Cross-sectional studies fre- 
quently identify a decline in diastolic and, to a lesser 
extent, systolic blood pressure during the latter part of 
life (in the sixth decade). In the longitudinal study con- 
ducted by Kannel and Gordon (26) and at the Foundation 
(28), the same tendencies were observed; systolic blood 
pressure reaches its highest point in the seventh decade and 
diastolic blood pressure in the sixth decade, declining some- 
what thereafter. Considering these data as a whole, the 
decline of systolic and diastolic blood pressures in the course 
of ECG left ventricular hypertrophy regression is meaning- 
ful. 
Regression of left ventricular hypertrophy. In an attempt 
to evaluate the individual relation between the ECG left 
ventricular hypertrophy regression and the lowering of blood 
pressure, a criterion for blood pressure index was set up 
(Table 2). About half of the cases of ECG left ventricular 
hypertrophy regression might be related to the lowering of 
blood pressure (Fig. 3). With regard to other factors associ- 
ated with left ventricular hypertrophy regression, the corre- 
lation between left ventricular mass and blood pressure was 
strongest when blood pressure was measured during active 
daily life (29). In our study, blood pressure was measured 
only once every 2 years and was not measured during active 
daily life. Furthermore, modulators of left ventricular hyper- 
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trophy. such as volume load. hormonal factors and heredi- 
tary factors. should be considered. 
Limitations of the study. This study is unique because of 
its longitudinal nature and the large population studied. 
However, certain methodologic limitations should be em- 
phasized if the aforementioned results are to be properly 
interpreted. The observations made in this study are derived 
from the data base accumulated for the Adult Health Study 
program of the Foundation, which was designed to evaluate 
diagnostically a fixed population and was not therapeutically 
oriented. Therefore, unfortunately, we could not cite the 
details of antihypertensive therapy in each person. Because 
the examination was performed once in a 2 year cycle. 
variations in blood pressure on a day to day basis or due to 
the personal errors by different examiners, or both, might 
have influenced the results. Finally. left ventricular hyper- 
trophy was diagnosed only by electrocardiography, which 
usually underestimates the true prevalence of left ventricular 
hypertrophy 
Clinical implications. This study confirms the close rela- 
tion between the development of left ventricular hypertro- 
phy and hypertension and also indicates that at least half of 
the regression of left ventricular hypertrophy is related to a 
decrease m blood pressure. The most common pattern of 
ECG left ventricular hypertrophy development was high 
voltage. followed by ST-T changes. which suggests the 
addition of “pressure“ overload on the pre-existing “vol- 
ume” overload (30). Regression of ECG left ventricular 
hypertrophy was manifested most commonly by the disap- 
pearancc of QRS high voltage. 
~_ ____. 
We expre\\ ~tncere thanh\ to Yukiko Fukui for help in the preparation of this 
manuscript. 
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